A plica is a fold of synovial tissue that represents remnant of the synovial membrane from the embryologic development of the knee. Synovial plicae are seen commonly on knee MR examination, but they usually are asymptomatic unless they are thickened and fi brotic. 
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Embryology of Synovial Plicae of the Knee
Two prevailing theories explain the existence of synovial plicae. The fi rst theory hypothesizes that, during embryologic development of the knee joint, synovial membranes divide the knee joint into three separate compartments: medial, lateral, and suprapatellar. After the 16th week of gestation, a single cavity is formed after resorption of the synovial membranes. Synovial plicae are remnants of the embryologic development of the knee joint because of incomplete resorption of the synovial membranes. In the second theory, at about the 7th week of gestation, the knee joint is fi lled with mesenchymal tissue. As time progresses, cavitations develop in this tissue. Failure of cavitation and incomplete resorption of mesenchymal tissue result in the formation of synovial plicae. 1, 2 
Incidence, Classifi cation, and Imaging Appearance of Synovial Plicae of the Knee Joint
There are four synovial plicae in the knee joint ( Figure 1 ). The incidence of synovial plicae depends on the studied patient populations: cadavers, open knee surgeries, knee arthroscopies, or knee MR examinations. Arthroscopy is considered the gold standard in evaluation of the knee joint. In an arthroscopic study of 400 knees, Kim and Choe 2 reported the prevalence of suprapatellar, infrapatellar, mediopatellar, and lateral patellar plica to be 87%, 86%, 72%, and 1.3%, respectively. 3 Normal plicae are thin, soft, and fl exible vascularized structures covered in synovium. Synovial plicae are seen best on T2-weighted MRI, appearing as bands of low signal intensity within the high signal intensity joint fl uid ( Figure 2 ). Sonography has a limited role in the evaluation of synovial plicae because of its inherent limitations: operator dependence and lack of penetration. However, recently it has been shown that, when performed by properly trained radiologists, dynamic ultrasound allows detection of abnormalities of the medial patellar plica in the knee, with good sensitivity and specifi city. 4 Synovial plicae are best seen on T2-weighted MRI, appearing as bands of low signal intensity within the high signal intensity joint fl uid.
In general, synovial plicae are classifi ed on the basis of their shapes and sizes. 2 There are many names for the suprapatellar plica: superior plica, plica synovialis suprapatellaris, superomedial plica, and medial suprapatellar plica. Kim and Choe 2 described seven patterns of the suprapatellar plica. A suprapatellar plica is considered absent when there is no sharp-edged fold of synovium between the suprapatellar recess and the knee joint and may be confused with the complete septum. A complete septum is a plica that separates the suprapatellar bursa from the knee joint so that there is no communication between these two compartments. When the suprapatellar plica is absent, the articularis genu insertion can be seen at the upper limit of the synovial cavity. A suprapatellar plica is considered vestigial when there is less than 1 mm protrusion of the synovium, which disappears with external pressure. A suprapatellar plica that lies on the medial side of the suprapatellar bursa is classifi ed as medial. Conversely, a suprapatellar plica that lies on the lateral side of the suprapatellar bursa is classifi ed as lateral. If a suprapatellar plica is present on the medial, lateral, and anterior aspects of the suprapatellar bursa but not over the anterior surface of the femur, it is classifi ed as arch, because it appears arthroscopically as an arch or bow ( Table 1) .
The complete septum variation of the suprapatellar plica can have clinical significance. Pigmented villonodular synovitis, synovial osteochondromatosis, hemophilia, and septic arthritis may be isolated to the suprapatellar bursa because of a complete septum. If the orthopedic surgeon is not aware of its existence, he may rupture the complete septum and unnecessarily contaminate the knee joint with the pathology in the suprapatellar bursa. Alternatively, if the surgeon explores the knee joint from the infrapatellar route, he or she may be unable to locate the pathology in the suprapatellar bursa. Therefore, preoperative evaluation with MRI is helpful to detect the complete septum and to guide surgical approach.
A complete septum is a plica that separates the suprapatellar bursa from the knee joint; hence, there is no communication between these two compartments.
The infrapatellar plica, also known as the ligamentum mucosum, originates from the femoral intercondylar notch, traverses through the infrapatellar fat pad, and inserts onto the inferior pole of the patella 4 ( Figure 3 ). When effusion is present in the knee joint, vertical and horizontal clefts are seen within the infrapatellar fat pad outlining the course of the infrapatellar plica. 5 There are fi ve types of infrapatellar plicae: absent, no synovial fold between the femoral condyles; separated, a synovial cord of variable thickness completely separated from the anterior cruciate ligament (ACL); split, a synovial fold separated from the ACL and cord. On physical examination, the medial patellar plica (MPP) test has a sensitivity of 90% and a specifi city of 89%. 7 The MPP test is performed with the patient supine and the knee in extension. Using the thumb, the examiner presses on the inferomedial portion of the patellofemoral joint in order to insert the mediopatellar plica between the patella and the medial femoral condyle. While maintaining this pressure, the knee is fl exed at 90 degrees. The MPP test is considered positive when the patient experiences pain with the knee in extension and relief of pain with the knee in 90 degrees of fl exion.
The pain of the medial plica syndrome may be due to chondromalacia of the patella and medial femoral condyle from repetitive contact with the mediopatellar plica.
Dynamic sonography for evaluating mediopatellar plica syndrome has a sensitivity of 90%, a specifi city of 83%, and a diagnostic accuracy of 88%. 3, 7 The dynamic MPP test is conducted with a 12-MHz 38-mm linear transducer. The patient lies supine with knee in extension. The transducer is placed in a transverse position over the anteromedial aspect of the knee joint. On the static sonographic image, the medial facet of the patella has a fl at contour whereas the medial femoral condyle has a convex border. The mediopatellar plica appears as a continuous band-like hyperechogenicity located directly over the anterior border of the medial femoral condyle. During the dynamic sonographic test, the patella is pressed in a medial direction to obtain about 1 cm of medial shift. The features observed during the dynamic sonographic test include the presence of a continuous echo sliding over divided into two or more cords; vertical septum, a synovial fold in continuity with the ACL; and fenestra, a vertical septum type with a hole within it (Table 2) .
Mediopatellar plica also is known by various names: medial synovial shelf, plica synovialis mediopatellaris, plica laris elongate, Iion's band, or Aoki's ledge. Medial patellar plica originates from the medial wall of the knee joint and passes obliquely downward in the coronal plane to insert into the synovium surrounding the infrapatellar fat pad. There are six types of mediopatellar plicae: absent, no synovial fold in the medial wall; vestigial, synovial fold with less than 1 mm of elevation, which may disappear under external compression; shelf, complete synovial fold with a sharp free margin; reduplicated, two or more shelves running parallel on the medial wall of the knee; fenestra, synovial shelves with central defect; and high-riding, shelf-like structure anterior to the posterior aspect of the patella without touching the femur. Each type is further subdivided according to its size and relation to the femoral condyle with fl exion and extension of the knee into A, B, and C (Table 3) .
Lateral patellar plica is extremely rare, with an incidence of 1.3% on arthroscopy. Consequently, little has been published about this structure, especially in the radiologic literature. Lateral plica originates from the lateral wall of the knee above the popliteus hiatus and inserts into the synovium around the infrapatellar fat pad. There are three types of lateral patellar plicae: absent, no plica present; shelf, complete shelf present with sharp free edge; and fenestra, shelf with central defect (Table 4) .
Symptomatic Synovial Plicae of the Knee Joint
Plica syndrome is a clinical diagnosis in which the symptoms and physical fi ndings are associated with a pathologic plica. Broom and Fulkerson reviewed 730 arthroscopies performed in a sports injuries clinic and found that 28 patients (3.8%) had a pathologic plica implicated as a cause of symptoms. 6 Plica syndrome is most commonly due to the mediopatellar plica. The patient typically presents with medial patellar pain, usually above the joint line, that is exacerbated during fl exion-extension of the knee. Pain may be due to chondromalacia of the patella and medial femoral condyle from repetitive contact with the mediopatellar plica. Physical fi ndings may include crepitation, effusion, and a palpable painful the medial femoral condyle during medial and lateral movement of the patella, confi rming the presence of a mediopatellar plica; the entry of the medial plica under the patella during medial movement of the patella to depict plica contacting the patellar cartilage; and pain or discomfort during the examination. The test is positive when all three criteria are present. MR examination of medial plica syndrome demonstrated a sensitivity of 77% and a specifi city of 58%. 7 MR criteria for the diagnosis of medial plica syndrome include interposition of the mediopatellar plica on multiple axial slices, thickening of the mediopatellar plica (Figure 4) , increased T2 signal within the mediopatellar plica, width of the mediopatellar plica greater than grade 2, and focal fl uid collection out of proportion to fl uid in the remainder of the knee joint. 8, 9 The width of the mediopatellar plica is graded according to the length of the medial facet of the patella: grade 1, medial plica does not extend to the medial edge of the patella; grade 2, plica extends to within the inner one third of the medial facet of patella; grade 3, plica extends between the inner third and outer third of the medial facet of patella; and grade 4, plica extends beyond the outer third of the medial facet of patella 8 ( Figure 5 ).
Pathologic plicae are hypertrophied with loss of elasticity, calcifi ed, hyalinized, and fi brotic. Treatment includes initial pain relief with nonsteroidal anti-infl ammatory drugs, rest, reducing inciting activity, physical therapy, imaging-guided injection of the mediopatellar plica, and surgical excision. Surgery usually is considered only when a patient fails conservative therapy.
Suprapatellar plica is commonly asymptomatic. Rarely, it can cause symptoms by two mechanisms. The suprapatellar plica may act like a ball valve similarly seen with the popliteal cyst. Difference in hydraulic pressure between the knee joint and the suprapatellar bursa causes pumping of fl uid and debris into the suprapatellar bursa, leading to distension. Like the mediopatellar plica, suprapatellar plica also may cause chondromalacia of the patellofemoral joint because of the impingement of the suprapatellar plica on the medial femoral condyle when the knee is fl exed, known as bowstringing. By interposing itself between the femoral trochlea and the quadriceps mechanism during fl exion, the suprapatellar plica in patients with rheumatoid arthritis, both early and late in the course of the disease, and are not correlated with the severity of the clinical or radiological changes. It is thought that rice bodies originate from detached fragments of degenerating synovial villi that have outgrown their blood supply and subsequently are encased by fi brin derived from synovial fl uid. On T1-weighted MR images, the rice bodies are isointense to muscle and cannot be discerned from the surrounding joint fl uid. On T2-weighted MR images, the intra-articular masses are hypointense and clearly distinguishable from the surrounding effusion. Unlike pigmented villonodular synovitis, rice bodies do not become more prominent on gradient echo MR sequence because there is no hemosiderin deposition in them. Unlike synovial osteochondromatosis, the rice bodies are not calcifi ed and are not visible on radiography. Rice bodies have been found 
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A is traumatized and becomes fi brotic with time. When thickened, fi brotic, and inelastic, the suprapatellar plica may cause chondromalacia of the patella ( Figure 6 ) and femoral trochlea. Complete suprapatellar plica may present as a soft tissue mass because of chronic synovitis ( Figure 7 ) and bursitis, resulting in distension of the suprapatellar bursa.
Complete suprapatellar plica may present as a soft tissue mass because of chronic synovitis and bursitis, resulting in distension of the suprapatellar bursa.
Any process that causes chronic synovitis may lead to lipoma arborescens, villous lipomatous proliferation of the synovial membrane, which is found most commonly in the knee. Lipoma arborescens is a reactive process resulting from chronic synovial irritation, most frequently found in association with osteoarthritis but also seen in patients with rheumatoid arthritis and prior trauma. Chronic synovitis results in infi ltration of fat tissue in the synovium and subsynovial tissue forming frond-like masses, which may progressively enlarge to form globular, rounded masses. On T1-weighted MR images, the masses have the same signal intensity as subcutaneous fat but with a branchlike appearance, hence its given name. On T2-weighted, fat-suppressed MR images, lipoma arborescens has low signal intensity because of the fat content. The infl amed synovium may enhance. We have seen two cases of lipoma arborescens in patients with suprapatellar plicae, one of whom had chronic synovitis for more than 4 years before undergoing arthroscopic release of the suprapatellar plica. 9 Rice bodies, named for their macroscopic likeness to polished grains of rice, were fi rst described in association with tuberculous arthritis. In the United States, they commonly occur in atypical mycobacterial tenosynovitis and bursitis and chronic subacromial subdeltoid bursitis. However, they have not been reported in suprapatellar plica syndrome. In our experience, we have seen two cases of suprapatellar plica syndrome with rice bodies (Figure 6 ), one with surgical confi rmation. We hypothesized that the chronic synovitis had resulted in shedding of the infarcted synovial villi into the suprapatellar bursa, leading to the formation of the rice bodies. 10 On T2-weighted MR images, rice bodies are hypointense and clearly distinguishable from surrounding joint fl uid.
Rarely, infrapatellar plica may rupture, usually due to trauma (Figure 8 ). On MRI, the normal infrapatellar plica is absent, and curvilinear or globular high T2 signal is seen extending from the normal location of the plica to the superior portion of the infrapatellar fat pad. 11 Acute injury may have a large knee effusion. Infrapatellar injury may mimic Hoffa's disease, localized nodular synovitis, and deep infrapatellar bursitis. Hoffa's disease, also known as infrapatellar fat pad impingement syndrome or patellar tendon lateral femoral condyle friction syndrome, typically has non-masslike increased T2 signal intensity in the superolateral aspect of the infrapatellar fat pad, patellar tendinopathy or partial thickness tear, and chondromalacia of the lateral facet of the patella. In the knee, the most common location of localized nodular synovitis, the focal form of pigmented villonodular synovitis, is in the synovial lining of the infrapatellar fat pad. On MRI, it appears as a well-defi ned mass with intermediate or hyperintense signal intensity on T1-weighted images and heterogeneously high or low signal intensity on T2-weighted images with variable circular foci of low signal intensity on T2-weighted images because of hemosiderin deposition. 12 On MRI, deep infrapatellar bursitis has fl uid signal between the patellar tendon and tibial tubercle and inferior to the infrapatellar plica.
Rarely, infrapatellar plicae may rupture, usually due to trauma.
Conclusion
This CME activity emphasizes that synovial plicae are seen commonly on MR examination of the knee joint: suprapatellar, infrapatellar, mediopatellar, and lateral patellar plicae (in descending order of prevalence). Plica syndrome is most commonly due to a thickened and fi brotic mediopatellar plica, which may cause pain because of chondromalacia of the patella and medial femoral condyle from repetitive contact with the plica. Traumatic rupture or tear of the infrapatellar plica also may cause pain and a large knee effusion. Complete septum variation of the suprapatellar plica separates the suprapatellar bursa from the knee joint and may result in chronic synovitis, which may lead to formation of lipoma arborescens or rice bodies.
